Cookie bars were produced from mixtures of cassava and groundnut flours with cornstarch as binder. Box-Behnken response surface design for k=3 was used to study the effects of experimental variables for cassava flour (25-75%), groundnut flour (25-75%) and corn starch (5-15%). Effects of the experimental variables on physical properties of the cookie bars were assessed. Experimental variables had significant effect on the thickness and spread factor of the cookie bars.
INTRODUCTION
Biscuits and cookies are usually produced from wheat flour (Ihekoronye, 1999) and they are the same product since the British call them biscuit while the Americans call them cookies (Ishinwu (2005) . Anyika and Uwaegbute (2005) identified an increasing tendency among children and adults to move away from traditional eating pattern of three meals a day to eating snacks instead of meal. Cereal foods such as cookies have become very popular in Nigeria especially among children (Ukachukwu et al., 2004) . Kansas (2006) also reported that increase in consumption of bread, cookies and pasta is fastest in the cities where they are now considered convenient foods. Anyika and Uwaegbute (2005) identified cookie (12.5%), coconut cookie (10.00%) and bread (10.00%) as foods that have the highest daily frequency of consumption among adolescent female students. Therefore, cookies could be an excellent means to improve nutritional quality at least to the extent that they incorporate vegetable proteins (in this case-groundnut).
Response surface methodology is made up of a mathematical statistical model of several input (independent, predictor) factors (Cornell, 1990; Iwe, 2000) . The most common response surface models are the central composite design (CCD) (Iwe, 1998) and Box-Behnken (BB) designs (Lawson and Madrigal, 1994) . The BoxBehnken design is one of the most efficient designs capable of generating a response surface.
This work examines the effect of selected experimental variables (using the Response surface methodology) on the physical properties of cookies produced from mixtures of cassava and groundnut with cornstarch as binder.
MATERIALS AND METHODS

Materials
Cassava (Manihot utilissima) tubers of the 99/6012 genotypes were obtained from National Root Crops Research Institute Umudike Umuahia, Abia State, Nigeria. Groundnut, yellow corn and other raw materials were obtained from the Umuahia main market, Abia State, Nigeria.
Preparation of cassava flour
Cassava tubers were washed, cut into slices and boiled in water for 20 minutes. They were then peeled using kitchen knife and afterwards shredded with a locally made shredder. The thinly sliced shreds were soaked for 24 hours during which time the water was changed twice, after which they were washed and oven dried at 60 o C. They were then milled in a milling machine and sieved to separate coarse or fibrous particles from the fine flour.
Preparation of groundnut flour
Mouldy, shrivelled nuts and stones were manually removed from groundnut grains. Dust was removed by winnowing in a basket. The grains were sun-dried to facilitate dehulling and the hulls were manually removed by rubbing between the palms. The groundnut was milled with attrition milling machine and defatted by soaking over-night in hexane. The defatted cake was dried, milled and sieved.
Preparation of cornstarch
Yellow corn was cleaned, steeped in warm water (36 o C) containing sulphur dioxide (0.02%) as mild preservative for 10 hours. The swollen and softened kernels were milled thereby loosening the hull and germ. The ground corn was suspended in water and passed over a bolting cloth to remove the hulls. The starch was dried in the oven at 55 0 C, milled and sieved to obtain fine "flour".
Formulation Of composite blends
Composite blends of processed cassava, groundnut and cornstarch were prepared to fit into the experimental design. The flours were thoroughly mixed, re-milled to reduce particle size and to obtain a homogeneous blend. Samples were stored at ambient temperature (29 o C ± 2 o C) in sealed polyethylene bags until required.
Formulation and production of cookie bars.
The proportion of ingredients that were used in the production of cookie bars is shown in Table 1 below:- The cut out bars were transferred into aluminium baking pans and baked in the oven at 210 o C for 15min. They were allowed to cool at ambient temperature, packaged and stored in a cool place.
PHYSICAL ANALYSIS OF COOKIE BARS
Weight of the individual bars was determined using electronic weighing balance. Thickness of each bar was determined using venire callipers while the width of the representative samples was calculated by stacking eight samples of cookies together and calculating the height as the value of their width respectively (Duncan, 2001) . The mean value for each parameter was used for calculating the spread factor (width/thickness) of cookie bars (Iwe, 2002 , Lorenz, 1983 . Fragility of the cookie bars was calculated using the method of Okaka and Isieh (1990) .
EXPERIMENTAL DESIGN AND STATISTICAL ANALYSIS
A Box-Behnken rotatable response for k = 3 was employed to study the linear, interactive and quadratic effects of the independent experimental variables. The experimental variables were of three levels as shown in Tables 2 and 3 1.
Runs 1 -12 were performed once while run 13 was performed three times. A total of 15 experimental runs were generated. Data on each run was statistically regressed and analysed for variance using the statgraphic computer software (NIST/SEMATECH, 2006). Statistical significance was accepted at 5% probability levels. Plots of the fitted significant responses were made to visualize these effects more clearly.
Statistical package for Social Sciences (SPSS) version 13 was used to obtain mean, standard deviation and analyses of variance (ANOVA) was done and judged for significance at P≤0.05. Means were separated using Least Significance Difference (LSD) test (NIST/SEMATECH, 2006).
RESULTS AND DISCUSSIONS
Values for the physical properties of the cookie bars are shown in Table 4 . The estimated regression coefficients and the ANOVA of the response function for the physical properties of the cookie bars in terms of the studied variables are shown in Tables 5 -8 .
Width
Results of the regression and ANOVA of data on the width of the cookie bars are shown in Table 5 . Experimental variables had no significant effect (P≥0.05) on the width of the cookie bars. Regression Analysis further indicated that the independent variables accounted for 57.1% of the total variation in the width of cookie bars.
Thickness
The regression results of data on thickness of cookie bars and the ANOVA are presented in Tables 6a and b . Results of the effects of the process variables on thickness of cookie bars (Table 6a) showed that linear and quadratic effects of groundnut flour were significant (P≤0.05). The linear effect of cornstarch and quadratic effect of cassava flour were also significant (P≤0.05). The interaction between cassava flour and cornstarch, and that between groundnut flour and corn starch equally had significant effect (P≤0.05) on the thickness of cookie bars. The studied variables accounted for 99.1% of the total variation in the thickness of cookie bars.
Analysis of variance (ANOVA) showed that the variables had significantly linear effect (P≤0.05) on the thickness of cookie bars. Response surface plots associated with this analysis are shown in Figs. 1a -c.
Addition of cassava flour and cornstarch improved the thickness of the cookie bars (Fig. 1b) and thickness decreased with increase in groundnut flour (Fig. 1a and c) . The increase was attributed to the increase in starch granules in the carbohydrate of cassava flour mixtures, which is responsible for the gel, and structure formation of baked goods (Williams, 1974) . Table 7 contains results of the regression and ANOVA of spread factor of cookie bars. Table 7a shows that quadratic effects of cornstarch were significant (P≤0.05). Experimental variables accounted for 77.5% of the variation in spread factor of cookie bars.
Spread factor
Analysis of variance showed that quadratic effects of the independent variables had significant (P≤0.05) effect on the spread factor of cookie bars. Response surface plots associated with the analysis is shown in Fig.  2a -2c . Maximum spread factor was obtained by increasing levels of groundnut flour in the cookie bars (Figs. 2a and c) . Increase in spread factors has been correlated with increase in sugar and oil contents (Okaka and Isieh, 1990) . Spread factor diminished by the addition of cassava flour and cornstarch (Fig. 2b) .
Weight
Data presented in Table 8 show the effect of experimental variables on weight of the cookie bars. Table 8(a) shows that the experimental variables had no significant (P≥0.05) effect on the weight of the cookie bars. Analysis of variance (ANOVA) also showed that the independent variables had no significant (P≥0.05) effect on the weight of cookie bars. However, the experimental variables accounted for a total of 66.7% variation in weight of cookie bars.
Fragility
Regression result of data on fragility of cookie bars is shown in Table 9 . The experimental variables had no significant effect on the fragility of the cookie bars (Table 9a ). Analysis of variance (Table 9b) indicated that the independent variables had no significant (P≥ 0.05) effect on the fragility of cookie bars. However, the experimental variables accounted for 81.7% of the variation in fragility of the cookie bars.
Fragility of Cookie bars increased with increase in groundnut flour. This could be as a result of Oil in the groundnut flour. However, fragility reduced when cornstarch and cassava flour were added. This increase in rigidity is due to increase in carbohydrate starch granules, which is responsible for gel and structure formation in baked goods (Williams, 1974) .
CONCLUSION
Cookies bars were produced from mixtures of cassava, groundnut and cornstarch. The physical properties of the cookies were optimised using the Response surface methodology. Cookies thickness and spread factor were significantly influenced by the presence of cassava, groundnut and cornstarch, and their interactions. These components did not significantly influence the width and weight of the cookie bars.
Cookie bars produced from cassavagroundnut-corn starch blend had physical properties comparable to that of conventional biscuits. 
Table 5 (a):
Regression Coefficients for width of cookie bars produced from cassava-groundnutcorn starch blends. 
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